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~ , L S ~ C W C Y  C u l v e r t .  Tl~r:  t . . \ , ) ~ r i r n r r i ~ t ~  ;idc~il.r-;t. rttiri; cur'vu f o r  t h e  

c i , l ve r t  i r l ~ - , - t  :;:..=: ,..ct,~rni~l:.,: 0; t c , t  c r r ~  t . 1 ~  ::ID. ..!.'L c a i v e r t  01' t n e  

;;tster,r;:; G! trie Grtvit:; ;,!!..i~! C i . t ~ t  i ,  L t t  t ioc,  ib . j  fl,;, G i l ~  ' J t i ~ c ~  i'1'0j B C ~ ,  

, . r j .zot i~ ,  :;:iic~~ !VLS ultier L!:jt  kt,  tfle ti::re i:) t ~ i o  i t . b o r b l o r j .  'rnt? &rTt&rige- 

ment 0;' ti.? t:;3 c u ~ v e r , t s  L~I:: bile t~:l,,:.r>i. c ; ~  C : , , . I J I ~ ! ~ ~ S  ?;:.rqe escen t i c . i l y  Lhe 

s~.n;r; excci , t  t ; - l : l t  t r i t :  roo: t'.rltri.ricc v:&5 SLIUi..rc f'or t,he !.let.rt. ;loant&.in 

Cuivert u;l roun5c-5 I 'or  i::e Gr2,vity i ' f i~in L L ~ ~ L ~  Cuiver t .  r i : ~  entrcr ice  

VihS r ~ c t ~ n ~ u l : . ~ .  i n  ttie motlei. T h e  ~ l o d e l  rc9i)rese:ltau culvert 0;)criings 

3 by 7.5 l 'aet  t o  1:ii. s c r , i e  i'or trir ';rt,vity hkiri C L I I L ~  ~ I I : :  ol)cjninds 
7,: . 

;, by 5 f e e t  t o  L. 1:16 s c t l e  i'or the t ie~.rt  bio:mt~in desi,;n. :i+.lre 2 

sno:vs trie e>.;.~crirnent;:.l r,:.r;to?;::;' ciscntlrF;-:e r ~ t i r i o  c u r v e  cc r~ ;v~r taa  t o  

p - o t o t y p  :jutLntitiis f'or t n e  r t a ~ r t  idountiin ~ I S ~ L ' V ~ L I Y .  J'r~m t i i i g  c u r v e ,  t n e  

~ l k 3 t e ~ ~ y  . t i i l l  c k r q  !jail s c c o r ~ n - f e e t  f o r  trle rn~.xirnun~ ci:~li-i 7;r.tei- suri '~ce 

e i e v ~ . t i o : ~  of 51'71.19, o r  f 'or t r l e  ::esii;l; cu:tri ; i i : , c i l ~ r ~ : t .  of f5L secot~d- i 'ec t ,  

Con, .u t t  ti or^ i . 3 ~  C:O(..II ~r~':~--si:cti3n:..i -- vc~oci t : .  :. t j t ~ . t i o : .  6;~:. ."l. 
I .  'T:I.I vt~ocit; Ln tile c : ; ~ t t .  t t  i t i t i o r l  ,-ji+:, . L i i  K:.S C O : [ ~ ,  t:ie ie;ji;n 

Sectlorl  oy s t t r t l r . , :   it:, t t t c  rlt lClKr.  v e i ~ c i t ?  ~t ; j t i . t i o n  ~f35.~.:! zna 

tl 'k:.ti:.; i j l ; ~ ~ i . t i = : l ~ ?  S : I C ~ ~  ~ c I . C : ~ F - S  L .S  i .3 C!~S~OL:A;  ry 1'31' f'r0:i i n  Stci.ij 

c : : ~ t t - s .  113 L C;LL.C'~:, t z lc :  { . ~ 5 u n i * t i o n  is  c:.Le t.:ii.t t r t c  i'iovr viiil b e  non- 
- : 8 c c e l . t : r ~ t i n g  t t  3 t ~  t i o n  f..:2.31. r rorJ I ! , ~ n ~ ~ i n r ; ' s  e.,uc-tior:, i vciocit:; of 

, i 'cet L. st.cO:ii; ;,L; ~k,$;. i t : e ~ ,  ~.:.;ci: COD;::  re: VCI.; f PVOI.:.!~:; w i t h  3. *: 

;'I., : ' C J E ~  t .  s ~ c o ~ : :  ;.s c ~ 1 1 r i 1 ) u t t : d  :!;i t n t r  i ' i r s t  ~tt'tfro~l. 

Co:ni1ut~ tior1 t ' o ~ e - r t i  cl.1 cvrvt , 5tt . t iort  c{:..:. .;l t o  c - + j i  ..+>-. 
~ , . j r i v i  tior: ~ i '  tile e.:u,.tiori i'or t r ~ e  ir! .f~ct:~r.:~ i f i  t h t  C [ I U ~ P ,  i)~~:t:inrjint: ~t 

~ t k .  il0n .- f L: .dl, i d  L a  ~ ; ' G ~ ~ o H s :  



c ~ f  t n u  cux.ve, Vo rnem c r o s s - ~ e c t i o n ~ i  v e l o c i t y  for t h e  mrxirnum 

c i sc l i t rge  conui t ion  t a t  the! b e d i n n h i :  or' t nn  cur-ic:, ~ n d  g t h e  clccelerhtion 

of'  dr;.vity. The V : r l l t l - c l t o  3ain S p i l l \ v ~ y ,  which N i b s  t e s t e d  i n  t he  I i ~ b o r u t o r y ,  

- ~ o s s e s o e d  L t r i . j ec tory  nehr the end of t h e  ck~utc vexy ~ i n i l c , r  t o  t h e  

_sro>osca r ic tz t  Liounttrh basigli. The o r i g ~ n ~ i  c r l i j ec tory  of  the  V e l l e c i t o  

Y S , ~ i l l w t . y  w;u S~.s::i: 311 For~nu i t  (1). TnIs t r ~ j e c t o r y  x ~ ; s  i'oun'l t o  be excess ive ly  
btaop, :;~ILc.I' tile h,.t;ei* YjlI'bl~~ ;'?be of t1:6 c m t e  f l o o r  dohl l s t rem :'rorn t h i s  

v e r t i c ~ l  curve,  Tne corn;tuted ;;leLn v e l o c i t y ,  Vo, cons ider ing  uil losses 

11, Zirt- C:IU~C, tt tile t>ei:iri;ling ~f t n e  Lrcr jcctory 'HL;:, computed to be 5 +  fee t  

sec~jn; :or t n t .  V ~ ~ l i c i t o  3 2 i i l i ~ : ' b ~ .  t.. 1 ' 1 ~ l t t e r  t r ~ j e c i o r y ,  ~ L S , U  on She 

t : ~ e o r . u t i c t i  iilecifi v e i o c i t y  or' dd.5 f e e t  e second, wnicn wr:.a computed by 

tic j i s ~ t i ~ i ~  b l i  LOLSLS, :,roved ~ t t i s f b c t o r y .  Tne ei;uetlon f o r  t n e  skt i s f t c tary  

i r ~ j  eCtoFJ 2I'oVeii t 9  be: 

Tne r k t i o u  of t n e  squ t~ rcs  of the  two v e l o c i t i e s  a r e :  

S u : ~ s t i t u t i n g  ( 2 )  into (k)  

Inspc-ctlo:. s:,o~,s t i 1 t . t  i f  half t n e  v..lue of' g i s  used i n  Ehlutrtion (i), 

tac. r - s u ~ t s  k r e  i : A e n t i c ~ l  with triosc? of Equztion (4). I n  tar: pro i~osea  

: sit-; $ ~ f  r!ct.rt ~,':oiu?ttiti ?!c;ste;vuy, 1/2 g sus -used i n  E q ~ k t i o l l  (1) SO t h e  

t r a j e c t o r y  i s  suf ' f ' ic ient ly  f l s t  t o  ?revent m y  springing from t h e  cnute 

Dottom ttt t[ie ve r t i ck l  curve. 
0. i 

Tae v a i o c i t y  UL~YCI i n  t:ucltion (1) h t s  t he  mtjuxl  veloci ty  of the  

croo;l-section. Sillco tue mrximun~ v e i o c i t y  i s  considerrbly g r e h t e r  tl'itin 

the  mcu; vl-iocitjt, t ,  t r < . j e c t o r y  cesi:~rlcd f o r  t h e  metln v* loc i ty  w i l l  

ue t oo  s t e e : ~  for tile m,.3s o?' ivhter flowing hi the breo. of mbxirnum 

V & O C ~ ~ Y ~  j i i  61,s v e r i f i e d  by t n e  Voliecito S;, i~lrty tests. Tor trlis r e t s o n ,  

l 
it seems ~ o 6 1 c a i  tnr:t t h e  t r t j e c t o r y  si'loulc! be d e s i g n ~ c  f o r  tnc  meximum 

ri.t;;er tnt,ri t n e  ~ v e r s - : e  v e i o c i t y  or thi cross-sec t ion  tt tnt. beginning of 



t n r e e  j t r u c t u r a s  is: 

( i , )  ~ k s i c c i t 3  a,,illi:riy (moilel ,ua ; sure~~ant )  v,,,~./V~~~~ = 65/55 = 1-15 

( b )  i l u i i  Ldict: L t n l  S, i l i i ~ ~ y  (rl~ocje~ met! surement) 

"in~x./Vmek.n , tL . j /59.4 = l . l b  

( C )  aolitri c :.:is i C ~ ~ u t c ,  J~;corn~,i~n&rc! Z r o j e c t  ( f'ielc: ~i lc~durernent)  

v;.i.x! Va,-,,n = 3 : .  = l e L O  

Fr0.n t n e s e  aw.s~r i j rner , t~ ,  i n a i c h t i o n s  ;;re t t~ t t  tnl; v e ~ o c i t y  t o  u s e  i n  

~ . , u i t i a r ~  ,i) S I ~ O U L ~  be t ioout ~3 p t r c e ~ l t  &re! t e r  tnttn Vo.  Equhtion (1) 

t r ~ e r ~  becomes: 

I i c c o ~ - u i r ~ g  t o  t h i s  h n ~ l y s i s ,  E q u t ~ t i o n  (I), u s i n g  t h e  mecin v e 1 o c i . t ~  tind 70 

i n s t e a c  o f  5 U  p e r c e n t  of g ,  rnky be used i n  c o m p t i n g  t h e  t r ~ j e c t o r y .  

=,:>erirnentj shouiil !JC conciucter! t o  sup;!ort t h i s  stbteo;ei?t. 'mtr t : innent  

of' L : I ~  LII. ~ , i ~ i  :;UU L ~ t* fe ty  f b c t o r ,  ~ i ~ i ~ e  v e i o c i t i e ~  a i i i  be i o z e r .  

. . . nc:le 0; -.-.---- f ' i a re  0:' t h e  cnute,St,htiorl -- /-fl.34.i5 t o  3+65 .dg,  enterin, :  

tr:e s t i l i i n , ~ - ' 3 i s i n .  ' f r ~ e  econoinictl  s i d t h s  01' criute z,ng s t i ~ ~ i n g - b ~ s i n  --. ---- 
i r e  ceter.::i:iuc~ I'roin c o s t  c o n s i ~ i e r ~ ~ t i ~ r i ~ .  Tile ~ . l u t e  must be f l h r e d  h t  

its l o x c r  en3 suci, t a ~ t  t h e r e  m i d  ije c. unii'cr:n o i v t r i b u t i o n  o f  d e p t h  

o ' L O  t i  t t i n - i i .  There  r n u ~ t  be r~ s;)r?bdirrj. o f  t h e  

f'iow i'rort t:;u n3rrow ci-lute 3 e c t i o n  t o  t:ie v;i:ier s t i i - i n g - b s s i n  s e c t i o n  

LL SUC;; !. r;.tc t,i,t.t tfie ue2t:: c i i s t r i b u t i o n  r e m ~ i n s  r e ~ t t i v e l ; l  u n i f o n .  

S~icic s , J ~ ~ ' L ~ I ! L I I , :  un :~e r  n ~ t u r ~ i  forces is k r o b ~ b i y  t.f:'t;cted by L!lr s e v e r ~ l  

i ~ y c i r s u ~ i c  ;;ro;.crtiea i r lvolvec,  but i t s  r ~ t e  i s  k110i~n t a  be very c l o s e l y  

?t-i,.t~ci t.3 t : ~ c  v c  l o c i t y .  'J!:it. i : reoret icc l i  mew, v e i o c i s y  ~t t i i e  en t r u c e  

t o  5 : ~ -  : i t i ~ i i ~ ~ j - o t . s i r i  : o r  tiit: Leer  Cree& Dr-rn b , , i l lx;y at.s 73.1 l e e t  c 

. J t : ~ , , l i ~ :  ;::,ici. i 3  r;,~,,ro):i!~l~tt:jjr t ~ l e  S L ; ~ : I ~  t ; ~  L t ~ i ~ t  1'0r ~ i i e  rieclrt I t I o u i t ~ i n  

i i .  'Tests 1x1 L I I C  .;ode; 01' t:1e L e e r  Crbex. a ; J i l iway  saoaed t h ~ t  

t:k .k:.xi~num t o  t i . 1  i.:~.;ie of  f ' i ~ r a ,  i r r  ,A::, t o  mtin  t d r l  (1 :u i f 'orm o e p t h  

~ i s t r i b u t ~ s n  iit t h e  , ~ o o i  ent,ri.nct: iv\r;s li decrt:c:.s. Using li degrees  f o r  

tnc. ~~cs.:- t  ..iount:.in ae;i;n , . , ~ L L ~ s  tile br:e;ili~iiri;; o!' trie r ' i e re  u t  

,t: t ior,  & j d .  j .  Uliic;:;s t:i<.re Lre  o t n c r  l i i ~ :  cvitn t t d e s ,  L: rt 'Guctlon i n  

c o s t  :.ric: ?;OOLI ,;001 : .c t ion w l i ~  r e suAt  by .t.,;itlni:t~ tile f'1t:re c l t  a b o u t  



t o  x i n t : , i l l  C:ie j u n , ~  t 'or tCie sevl:r;i S i o : ~ . . ; .  t e s t cc i .  &. stt:e:.er sio~.r: 

t . l t n  j:l, noh;$ver, r'cnuces t:ie ei'!'~ctivertes;, of  t :~c lump i n  i . i ? ; s i p ~ t i n g  

el~c;.r;j. u i '  t ;;e l'iovrin j wi .  ter w t ~ l c r ,  Wi. s Ln~:icttitil by iier?>c'~ scour  w11en 

l i s  t:;ocr;s or siAis xeri u j r c .  ;;itri blocks cad  t sill, o r  ;- ;:entct-ti 

5,L. i  ~ . - O ! l c ,  ti.c bVex';..,;t. i le , .~t i l  71' scour  Wi. : i  &bout tk~c 3tr:ie ?'or cAi S i O > e S .  

.A; lr;.u,lc co:,;;il ~ ~ r r . t l o ~ ~ s  W O U L C ~  in12i.c~: tit L ~-i/&: l 3101)e. S C C ) I I O ~ ~ C  

: I  c a ~ t .  f..c ce:,trif!.~,;t~ r'orc-2s L L  t1,.2 ; U D C ~ , ~ O I J  ~ i '  tric S L Q . I ~  & i t h  tne 

L:,GL$- I J ~ c ~ c K ~ .  3 n : . ~ i  t j locks  , i, cec on tne ci'.utt r r t  t i ic  e r ; t r ~ n c e  

L:) tnr stl~l.i:,;;-5:-~i:i :,r- e:': c c t i v e  i n  i orzir,,' t ao rc  e!'~'icit;.nt :urn>. 

I:I t2~.. ZL.;L~S, t:,c: ir~cumi.rl,; Jet i; corrd,;?.ted i n t o  n r ~ w : l i i c . r  o:' sntl: 

;-:t:>, r ; .~ . ,  . :-~.:iic;ril; it3 OY;II ; y ~ t e ~ s  of' ~c ir2F. j s ,  t5:u3 r ~ ~ s u l t ; n y ;  in L i;rei.ter 
. . ,,.' . . : 0 '  I .  , , l t i .  =: I , :  :1wn.=roi15 jt:ts c:!;ti!'i~l+; t:ie , ; O Q ~  i n  ; 

car-i-d _, , .' L-..; .!: L L C ~ I : ,  1-t 31' t i i ~  i b i , , r 4 - ~ ~ k i o c i L ; ;  j c l t  is li!'tet.i ~'rorjt t t i ~   LOO^, 

x: l icr i  . 1;3 :. .i!:3 t~ L:AL- -:'I'+:c t i v e r l e i - s  01' trie j~4;:. :-:L . . .e~ t . : ~  t: , .p~riments 

:.. ~2 ~ ~ ~ f j ; . : ~  ,,:.I-~L:T !,;L9cf-L, .,, t, bt. c i ' i , . c ~ i v c !  in t .~::ucitt . ;  >cod:. iii;yor~u ttie cno 
, . 

01' i : r t  ~ t i ~ i . i : r ~ . ; - i ? ~ ~ l ~ i ,  !)i~t t ! t i .  L i ' u r t i l r ? ~ .  ~.~i;u(:t io:i  irr  S C O U ~  is very s l i l ~ r i t  

;* ; i t i ,  ~ , L ~ c I ( .  ;i(-i.;ztj ,;TI=;. L C : ~  trii,,l t : ~ e  t h e o r e t i c ~ : l  LL .;t',.tn enter in , :  t i le  ( -s in .  

i1, i n  L:t+: 2; 2t 3:' .ie:%rt .~~~:xi;: . is  ? ! t + ~ , t e s ; t , y ,  i b  +:.:ut.~ Lo d . j S ,  a11ich 

~.ts:,,t~ 11; L ~Lc)c:. ;rt.i,;iit 0;' L ; ~ , T D > : ~ I ~ : . ~ C . A : .  5 L I I C ~ I ~ Y ,  ,)1'01,0tyye. it i s  

v a r j  ,*rU:,;.: CJ: e t : ~ t  t t.1j.p I ~ U ~ U L  ~1: t : j i l i  ;i:ti'r: t 31' i ; ~  Le:. 1 _ O . ; L I I ~ ;  ;. L liii;ii 

v ~ ~ o c i t y  ~ i i i  c~x~t,&i.ii i. : ~ i ! < r ~  it :rcrr~t: . , ,b+ u; '  t .a~itr: . i : i~c ?,ir. lo? + , -  ci.t t r t t ~ d o n ,  

t : : ~  -.-;.L'+ '3: Lr':' , ' f i  L i - ~ i : ;  ,; L ; ; c  : J O O ~  !fi:-j i,e c ,  a : r ! g ~ ; ,  :. 5 J.,, J . Lr~,; i l t  ,re{. t e r  
L..;,:, t L . 8  . : 1 A .-:+ Ci,, : . . r~ ' .  j", j - .  i::C;, .;;a c:.ll LC. !,,~c:n.; ;J,: : ' ~ ~ i ~ = l f i ~ ~ t . j e ~  

I*...>L-> :a V: -... ~ . i i  : L A <  ' . i-:!...; >; :,,O(:fi L ~ : . $ ~ . ~ x ~ : : : , , L , : ~ ; {  , ; L t l t . i  LC) tfkc ;i,.id;,t i& 
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proved of' l i t t l e  use. 

S t i i~ in i r -bb .s in  f i o o r  blocks. iirly f;rrt?n;ernent cf b:.ff'le biocks on t h e  - 
s t i i l i nd -ohs in  f ' ioor w i i . i ,  of course, t ~ i d  i n  t h e  a lss ipr l t ion  or' energy in .~ tlie pool. a locks witii v a r t i c b l  upstratra i'kces are more e f f e c t i v e  t h u  

t:lose ~ i t h  s10i;ing u,E.trecm f s c e s ,  so t h a t  srncller sizerr of vert i .cki  f ace  
* blocks r.uy be used t o  prociuce the  shnle r e s u l t s .  r!oxever, t n e  v e ~ ~ t i c e l  

upstroun f't~ct: b i o c k s  w i i i  receive grelcter impsct ti5 t h e  h igh  velocity 

c t r r i e s  through an ttle f i o c r  ~ i t n  i . i t t l e  r e t & r & t i a n .  This  c a l l s  f o r  i '6cj .n~ 

on the  biocits, reinforcemdnt, &rrC m c t - ~ o r ~ & e .  The r e su l t s  of' model t e s t s  

of.' thruo s t m c t u r s s ,  f i t i t t i  t i l e  m~xiiiiun c ~ l u t e  ve loc i ty  ~ p ; ~ r o x i n ~ t e l y  t h e  s u e  

~s f o r  the  iiefirt blountkin ;'tbste\rty, inuicuttt  th t  tr row of blocks &bout 

one-sixth the  t n e o r e t i c c l  II2 neigiit ; ; l ~ c c c  r,.;roxintiteij k t  the aownstrem 

two-ttiircs yoifit 01' trie: s t i l l i n & - S ~ s i n  r e s u i t s  i n  t r ~ e  bes t  jump ~ ~ e r f ~ r m ~ c e .  

Since tile theoret ict i1 vsluc of L; i s  11 f e e t ,  biock neight  of 2 f e e t  htis 

chosen. I t  i s  recocunended t n ~ t  roE of bcsin f l o o r  b l o c ~ s ,  b r r a iged  t s  

shorn i n  F i ~ ~ r e  4, b e  i n c o r p o r ~ t e d  i n  the  dcs ig i .  

$+,ill in,:-btsin f l o o r  alevb tion. Tile ;;.roi~er e i e v ~ t i o n  of trle s t i ~ i i n g -  

bl;sin f l o o r  wiil be deterniner? by the upe of r e s u l t s  from m o ~ e l  stuciies of 

two tiifui~~r s t r u c t u r e s  of' tile following i ~ ~ r c i r i i u ~ i c  ; j ropert ies:  (t;) dischfirge 

of i9G.b second-feet L; f o o t  wiut t~ ,  V1 of 75.2 f e c t  LL second, Dl of 1.L57 feet; 

tneoret iccl l  D2 of 21.3 f e e t ;  (b) flisct~clrge of 1bO.i) second-feet t f'oot x id tn ,  

Yl of 75.1 fee t  e second, D i  of 2.13 fect m d  t n e o r e t i c a l  D;: of ~6.0 f ee t .  

The aer,surea miniurn C';: d e 2 t : ~  f'or t zood i7.&np wcs 18.0 f e e t  !'or ( t i )  cnd 22 feet 

f o r  f b )  , which t z e  84.5 :inc ZL.6 percent  of tne  t h e o r e t i c z l ,  respcct ive iy .  

'Iae p o s s i b i l i t y  of hcving less  d e p t h  tnbrl t h e  jump theory ina ic t i tes ,  w i tbou t  

c u u s i n ~  the  jump t o  sweep out ,  i s  et l ~ t . 3 t  4h r t iy  due t o  t h e  inf luence  01' t h e  

blocks in m~in t t i in ing  tne jump i n  the  b ~ s i n .  The t n e o r e t i c a l  D2 f o r  the 

s t r u c t u r e  i n  quest ion i s  11.0 f e e t ,  und 85 percent  of tiiis i s  9.35 feet .  

The end of t h e  t r t n s i t i o n  &t eievbtion 5 ~ 8 3 . 5 L  i s  considered L con t ro l  

over  w ~ ~ i c n  '~ ;&ter  flows k t  c r i t i c t l  deptil, which i s  a$proxim6tely 2.25 f e e t .  

Consicering ttle net?d a t  trlis >oilit  t o  be 3/2 d,., gives  tl wuter sur face  

approximateiy 3.35 feet  f o r  ni~xilnurn diiicncrge, &nd t h e  requf reci ail 'f 'erence 

i n  s t l l i i n g - p o o i  f'loor ~uld coritrol e ievvt ions  trcomes 0.0 f e e t .  Fsm tneve 

conuiaeret ions,  t n e  f i o o r  mLy be atifaly raised 2.133 feet t o  r l evk t ion  5083.50, 
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xccording t o  T o r r i c e l l i ' a  tnt~orern, wkter diucncrgklg froin trl orifice 

under h h o d ,  ti, nL8 k t h e o r e t i c ~ l  ve loc i ty  e q u ~ l  t o  t h e  va ioc i ty  cicquired 

by bocy f b l i i n g  f r e e l y  Itin a ~ i ~ c u o ' ~  througn r: v e r t l c c l  cistcince, H ,  t h k t  is: 

L 
The exgression Vt /2g i s  termed the v e ~ o c i t y  hesd. 

Because of tile e f f e c t s  of' f r i c t i o n  and v i s c o s i t y ,  t h e  aeLn veloci ty  of 

ci j e t  i s  ~lrntiys l e s s  trim t h e  t h e o r e t i c a l  ve loc i ty .  Expressed by symbols: 

Tnerer'ore, from (1) "02 C~ y y  
( f+) 

If A t  i s  tnc  cross-ctect iond firea ot t n e  j e t  b t  venh c o n t r t c t u  a d  k 

i.s t h e  area of ge t e  opening, 

C, decrevses &s contnrct ion i s  reduced ma e.ji;ro.lcnea un i ty  f o r  wi opening 

w i t t i  well-rounded corners.  

The discourge from tiny g h t e  opening i s  equal t o  t h e  product  of the  

c r o s s - s e c t i o n u  srea or' the  jet kt t n e  venk contrbctb, the mew ve loc i ty  at the  

sunr sec t ion  nr~d r. coeff ' ic ient ,  Ca, which represents  t n e  e f f e c t  of velocity of 

b p p ~ ~ o ~ c h ;  tiut is, 

G = C A  V 2 g H  
where C = Ch CC CV 

(6) 

The vhlues of Ca ;tld C, &re d i i f i c u l t  to  ottlrin experimentully, cind 

th6se c o e f f i c i a n t a  &re  of t h e o r e t i c a l  r b t h e r  thbn prhct ic t r l  value. Tht! velue 



. v t - . ~ o c i t y  ~ i '  ~ i ~ p r o b c i ; ,  .LOSS oi nett6 ;iue t;o i'ricciolr ;n;i viiicoel tg, ctrld 

c.;r,tri.cLicn. '!he krionlra,;c: 0:' t r l t  coof'ficicrlt  i s  no t  sui'i'icie-;it, t o  tu" t i f 'y  

of t- .iroi.cr,, s ~ . . s  i;:. .Ii:.f: sue t r ,  frictj.ot1 viscoei t:;, tr~i cont1.bction.  
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